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TITLE OF THE INVENTION 
SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND ELECTRONIC 
CARD USING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims' the 

benefit of priority from the prior Japanese Patent 
Application No. 2002-348935, filed November 29, 2002, 
the entire contents of which are incorporated herein by 
reference . 

10 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a semiconductor 
integrated circuit device and an electronic card using 
the same and more particularly to a countermeasure 
15 against destruction caused by charging and discharging 

operations with respect to the semiconductor integrated 
circuit device itself. . . 

2 . Description of the Related Art 

A semiconductor integrated circuit device has a 
20 protection circuit and protection function to protect 

it from an excessively large current supplied to an 
output terminal thereof. The test standard is defined 
by MIL (Military Standards) and EIAJ (Electronic 
Industries Association of Japan) . 
25 A semiconductor integrated circuit device is 

not used in a singular form and, in general, it is 
incorporated into an electronic product and used. 
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Therefore, it is considered that the semiconductor 
integrated circuit device is normally connected to 
a ground node or power source in the market. In the 
test standards defined by MIL and EIAJ, a needle is 
5 brought into contact with the output terminal to 

cause an excessively large current to flow into the 
semiconductor integrated circuit device for a period 
of time of several tens of nanoseconds to several 
microseconds. During the test, the semiconductor 

10 integrated circuit device is set in a state in which 

it is connected to the ground node or power source. 
In this state, the protection circuit and protection 
function cause the excessively large current in the 
semiconductor integrated circuit device to leak into 

15 the ground node or. power source, thus protecting the 

integrated circuit. As a result, the semiconductor 
integrated circuit device becomes difficult to be 
destroyed even if an excessively large current is 
inadvertently supplied thereto. Thus, the reliability 

20 and durability of the electronic product in which the 

semiconductor integrated circuit device is incorporated 
are enhanced. 

In recent years, the application range of 
semiconductor integrated circuit devices covers not 

25 only electronic products but also various media such as 

recording media and information media. Conventional 
recording media and information media are magnetic 
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cards and magnetic disks that magnetically store 
information. The magnetic storing device replace by 
a nonvolatile semiconductor memory device. Thus, the 
information storage amount, information holding 
5 characteristics, the degree of information secrecy and 

the like can be enhanced in comparison with magnetic 
cards and magnetic disks. Examples of the recording 
media are called memory cards or IC cards and are 
widely available on the market. As document which 

10 discloses a memory card, for example, document 1 is 

given. In this specification, all of the recording 
media and information media utilizing semiconductor 
integrated circuit devices are called electronic cards. 
Document 1: Shigeo Araki, "The Memory Stick", 

15 the web site <hyperlink symbology omitted> pp. 40-46 

Like the magnetic card and magnetic disk, the 
electronic card is not always used while it is 
incorporated in the electronic product. A person 
carries the electronic card. That is, the semicon- 

20 ductor integrated circuit device in the electronic card 

is most frequently set in a state in which it is not 
electrically connected to the ground node or power 
source. Further, the conventional protection circuit 
and protection function cause an excessively large 

25 current to leak into the ground node or power source. 

Therefore, if the semiconductor integrated circuit 
device is placed in a severe environment while it is 



connected to neither the ground node nor the power 
source, there occurs a possibility that the integrated 
circuit cannot be fully protected by use of a conven- 
tional protection circuit and protection function. 

BRIEF SUMMARY OF THE INVENTION 

A semiconductor integrated circuit device 
according to a first aspect of the present invention 
comprises: a semiconductor region of a first 
conductivity type; a first insulated-gate field effect 
transistor formed on the semiconductor region of the 
first conductivity type and having a source/drain 
region of a second conductivity type connected to 
an output terminal; and a semiconductor region of 
the second conductivity type formed adjacent to the 
source/drain region on the semiconductor region of the 
first conductivity type and connected to a gate of the 
first insulated-gate field effect transistor. 

An electronic card using a semiconductor 
integrated circuit device according to a second aspect 
of the present invention, the semiconductor integrated 
circuit device comprises: a semiconductor region of 
a first conductivity type; a first insulated-gate field 
effect transistor formed on the semiconductor region of 
the first conductivity type. and having a source/drain 
region of a second conductivity type connected to 
an output terminal; and a semiconductor region of 
the second conductivity type formed adjacent to the 
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source/drain region on the semiconductor region of the 
first conductivity type and connected to a gate of the 
insulated-gate field effect transistor. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
5 FIGS. 1A and IB are views for illustrating one 

example of an unexpected situation; 

FIGS. 2A and 2B are views for illustrating another 
example of an unexpected situation; 

FIG. 3A is a diagram showing the relation between 
10 a current I and time t in a case where a needle is . 

brought into contact with an output terminal; 

FIG. 3B is a diagram showing the relation between 
voltage V and time t in a case where an aerial 
discharge occurs; 
15 FIGS. 4A and 4B are circuit diagrams showing 

a semiconductor integrated circuit device according to 
a reference example of the present invention; 

FIG. 5A is a circuit diagram showing a semicon- 
ductor integrated circuit device according to a 
20 reference example of the present invention; 

FIG. 5B is a cross-sectional view schematically 
showing the semiconductor integrated circuit device of 
FIG. 5A; 

FIG. 6A is a circuit diagram showing a semicon- 
25 ductor integrated circuit device according to a first 

embodiment of the present invention; 

FIG. 6B is a plan view showing one example of 



a plane pattern of the semiconductor integrated circuit 
device of FIG . 6A; 

FIGS. 7A and 7B are a diagram and view for 
illustrating one example of the protection operation of 
the semiconductor integrated circuit device according 
to the first embodiment of the present invention; 

FIGS. 8A and 8B are a diagram and view for 
illustrating another example of the protection 
operation of the semiconductor integrated circuit 
device according to the first embodiment of the present 
invention; 

FIG. 9 is a circuit diagram showing a semicon- 
ductor integrated circuit device according to a second 
embodiment of the present invention; 

FIG. 10 is a circuit diagram showing a semicon- 
ductor integrated circuit device according to. a third 
embodiment of the present invention; 

FIG. 11 is a plan view showing a first layout 
example of a semiconductor integrated circuit device 
according to a fourth embodiment of the present 
invention; 

FIG. 12 is a sectional view taken along the line 

12- 12 in FIG. 11; 

FIG. 13 is a sectional view taken along the line 

13- 13 in FIG. 11; 

FIG. 14 is a plan view showing a state, in which 
a first-layered metal film and a second-layered metal 



film from a plan view shown in FIG. 11; 

FIG. 15 is a plan view showing a state, in which 
the second-layered metal film is removed from the plan 
view shown in FIG. 12; 

FIG. 16 is a plan view showing a second layout 
example of the semiconductor integrated circuit device 
according to the fourth embodiment of the present 
invention; 

FIG. 17 is a sectional view taken along the line 
17-17 in FIG. 16; . 

FIG. 18 is a plan view showing a state, in which 
the first-layered metal film and the second-layered 
metal film have been removed from the plan view shown 
in FIG. 16; 

FIG. 19 is a plan view showing a state, in which 
the second-layered metal film has been removed from 
the plan view shown in FIG. 16; 

FIG. 20 is a plan view showing a third layer 
example of the semiconductor integrated circuit device 
according to the fourth embodiment of the present 
invention; 

FIG. 21 is a plan view showing a state, in which 
the second-layered metal film has been removed from the 
plan view shown in FIG. 20; 

FIG. 22 is an equivalent circuit diagram showing 
an equivalent circuit of a third layout example;. 

FIG. 23 is a view showing a relationship between 
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a fuse connection/disconnection state; and a protection 
capability and a current driving capability; 

FIG . 24 is a plan view showing a first example of 
disconnection; 

5 FIG. 25 is a plan view showing a second example of 

disconnection; 

FIG. 26 is a plan view showing a third example of 
disconnection; 

FIG. 27 is a plan view showing a fourth example of 
10 disconnection; 

FIG. 28 is a plan view showing a fifth example of 
disconnection; 

FIG. 29 is a plan view showing an example of 
connection; 

. 15 FIG. 30 is a view showing a basic layout of the 

third layout example of the semiconductor integrated 
circuit device according to the fourth embodiment of 
the present invention; 

FIG. 31 is a view showing a basic layout of a 
20 fourth layout example of the semiconductor integrated 

circuit device according to the fourth embodiment of 
the present invention; 

FIG. 32 is a plan view showing a basic layer 
of the fourth layout example of the semiconductor 
25 integrated circuit device according to the fourth 

embodiment of the present invention; 

FIG. 33 is a plan view showing a state, in which 
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the second-layered metal film has been removed from the 
plan view shown in FIG. 32; 

FIG. 34 is an equivalent circuit diagram showing 
an equivalent circuit of the fourth layout example; 
5 FIG. 35 is a view showing a relationship between 

a state of a fuse connection/disconnection; and a 
protection capability and a current driving capability, 

FIG. 36 is a plan view showing a first example of 
disconnection; 

10 FIG. 37 is a plan view showing a second example of 

disconnection; 

FIG. 38 is a plan view showing a third example of 
disconnection; 

FIG. 39 is a plan view showing a fourth example of 
15 disconnection; 

FIG. 40 is a plan view showing a fifth example of 
disconnection; 

FIG. 41 is a plan view showing an example of 
connection; 

20 FIG. 42A is a perspective view showing an example 

of a charge test; 

FIG. 42B is a perspective view showing an example 
of a discharge test; 

FIG. 43A is a block diagram depicting an example 
2 5 of a NAND type EE PROM; 

FIG. 43B is a circuit diagram showing an example 
of a memory cell array in the NAND type EE PROM; 
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FIG. 44 is a block diagram depicting a first 
example of a memory card; 

FIG. 45 is a block diagram depicting a second 
example of a memory card; 
5 FIG. 46 is a block diagram depicting a third 

example of a memory card; 

FIG. 47 is an exploded sectional view showing 
a fourth example of a memory card; 

FIG. 48 is an exploded sectional view showing 
10 a fifth example of a memory card; 

FIG. 49 is an exploded sectional view showing 
a sixth example of a memory card; 

FIG. 50 is a perspective view showing an example 
of electronic equipment utilizing an IC card according 
15 to one embodiment of the present invention; 

FIG. 51 is a block diagram showing a basic system 
of a digital still camera; 

FIGS. 52A to 52F are views showing other examples 
of an electronic equipment utilizing an IC card 
20 according to embodiments of the present invention; and 

FIGS. 53A to 53F are views showing other examples 
of electronic equipment utilizing an IC card according 
to embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
25 There will now be described embodiments of this 

invention with reference to the accompanying drawings. 
In the following explanation, like reference symbols 



are attached to common portions throughout the whole 
drawings . 

Before explaining the embodiments, an unexpected 
situation which may occur while a semiconductor 
integrated circuit device is connected to neither 
a ground node nor a power source is explained. 

FIGS . 1A and IB are views for illustrating one 
example of an unexpected situation. 

As shown in FIG. 1A, an electronic card 1 is 
placed on a grounded conductor. A semiconductor 
integrated circuit device chip 2 in the electronic card 
1 is connected to neither a ground node nor a power 
source. Assume that a "positively" charged body, for 
example, a fingertip is set close to the electronic 
card 1 in this state. When the distance between the 
fingertip and the electronic card 1 becomes a certain 
distance, an aerial discharge occurs between the 
fingertip and the electronic card 1 as shown in 
FIG. IB. As a result, the electronic card 1 or chip 2 
is positively charged. 

FIGS. 2A and 2B are views for illustrating another 
example of an unexpected situation. 

As shown in FIG. 2A, assume that the electronic 
card 1 is "positively" charged, for example. Further, 
assume that the electronic card 1 is dropped on a 
grounded conductor, for example. As in the case of 
FIGS. 1A and IB, the chip 2 in the electronic card 1 is 
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connected to neither the ground node nor the power 
source. Also, in this case, when the distance between 
the electronic card 1 and the grounded conductor 
becomes a certain distance, an aerial discharge 
5 occurs between the electronic card 1 and the grounded 

conductor. As a result, the electronic card 1 is 
discharged conversely to the case shown in FIGS. 1A 
and IB. 

A limitation is put on the protection of the 

10 integrated circuit by use of a protection circuit or 

protection function which causes an excessively large 
current to leak into the ground node or power source 
if the electronic card 1 is connected to neither the 
ground node nor the power source. For example, in the 

15 test standards defined by MIL and EIAJ, a needle is 

brought into contact with the output terminal to permit 
an excessively large current to flow into the semicon- 
ductor integrated circuit device for a period of time 
of several tens of nanoseconds to several microseconds. 

20 In order to meet the above standard, the protection 

circuit or protection function causes the excessively 
large current to leak into the ground node or power 
source for a period of time of several tens of 
nanoseconds to several microseconds. FIG. 3A shows 

25 the relation between a current I and time t in a case 

where a needle is brought into contact with the output 
terminal . 
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In the above state, excessively high voltage is 
applied to the electronic card 1 and/or chip 2 while 
the chip 2 is connected to neither the ground node nor 
the power source. As a result, an aerial discharge 
5 occurs between the electronic card 1 and/or chip 2 and 

the charged body or ground node. It is considered that 
the aerial discharge terminates in several nanoseconds 
or less and generally 1 nanoseconds or less and the 
time of the aerial discharge is extremely shorter 

10 than the test time defined by MIL or EIAJ. Further, 

the voltage is extremely higher than that obtained in 
a case wherein the excessively large current flows. 
FIG. 3B shows the relation between voltage V and time 
t in a case where the gaseous discharge occurs. 

15 In FIG. 3B, the relation between voltage V and time t 

in a case where the needle is brought into contact with 
the output terminal is shown by use of broken lines 
for comparison with the above case. The unexpected 
situation is difficult to overcome only by use of 

20 a protection circuit and protection function which 

satisfies the test standard of MIK or EIAJ. 

FIGS. 4A and 4B are circuit diagrams showing 
a semiconductor integrated circuit device according to 
a reference example of the present invention. 

25 FIGS. 4A and 4B show a portion of the output 

circuit of the chip 2 and show the state in which the 
chip 2 is connected to a ground node GND and power 



source VCC . The output circuit protects the integrated 
circuit in the following manner when an excessively 
large current flows in an output terminal PAD. 

As shown in FIG. 4A, a needle 17 to which positive 
potential is applied is brought into contact with the 
output terminal PAD. Thus, an excessively large 
current I is caused to flow towards the drain D of 
an N-channel MOSFET Nl and the drain D of a P-channel 
MOSFET PI of the output circuit. In this case, the PN 
junction between the drain D of the transistor PI and 
an N-type well (or an N-type semiconductor substrate) 
in which the drain D is formed, is forwardly biased. 
The excessively large current I flows into the power 
source VCC. 

On the other hand, the needle 17 to which negative 
potential is applied is brought into contact with 
the output terminal PAD. In this case, as shown in 
FIG. 4B, the PN junction between the drain D of the 
transistor Nl and an N-type semiconductor substrate 
(or an N-type well) in which the drain D is formed is 
forwardly biased. The excessively large current I 
flows from the ground node GND into the output 
terminal PAD. 

Thus, the semiconductor integrated circuit device 
according to the reference example satisfies the test 
standards of MIL and EIAJ and protects the integrated 
circuit from the excessively large current I. 
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However, the inventor of this application has 
detected that the following destruction mode occurs 
when the chip 2 is connected to neither the ground 
node GND nor the power source VCC as shown in FIGS. 5A 
5 and 5B . 

Assume that the chip 2 is positively charged for 
some reason as shown in FIGS. 5A and 5B. A grounded 
needle 17 is set close to the output terminal PAD of 
the positively charged chip 2. Then, an aerial 

10 discharge occurs between the output terminal PAD and 

the needle 17 (1). Therefore, the potential of the 
drain D of the transistor Nl is lowered and the P-type 
semiconductor substrate Psub is forwardly biased so as 
to permit a current to flow between the drain D and the 

15 . semiconductor substrate. As a result, the potential 
of a portion of the substrate around the drain D is 
lowered (2). A lowering in the potential is spread in. 
the internal portion of the substrate via a wiring 
(ground line GND) connected to the ground node GND (3) . 

20 This is because the ground line GND has resistance 

RGND. The lowering in the potential soon reaches 
a drive circuit which drives the transistor Nl . 
The drive circuit includes an N-channel MOS transistor 
N2 . When the lowering in the potential has reached 

25 a portion around the drain D of the transistor N2, 

a portion between the drain D and the P-type semicon- 
ductor substrate is broken down (4) . The gate of the 
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transistor Nl is discharged and the gate potential of 
the transistor Nl is lowered (5) . 

At this time, time delay occurs between a lowering 
in the potential of the drain D of the transistor Nl 
5 and a lowering in the potential of the gate thereof* 

This is because the ground line GND has resistance 
RGND and the wiring which connects the drain of the 
transistor N2 to the gate of the transistor Nl has 
resistance RN. Therefore, a lowering in the gate 

10 potential is delayed and a potential difference A 

temporarily occurs between the drain D and gate G of 
the transistor Nl as shown in FIG. 5B. It is required 
for the gate insulating film of the transistor Nl to 
withstand the potential difference A. However, it is 

15 predicted that the potential difference occurring in 

the case of aerial discharge will reach several 
thousand V and the destruction cannot . be avoided. 

Thus, when an unexpected situation occurs in 
a case where the chip 2 is connected to neither 

20 the ground node GND nor the power source VCC, the 

integrated circuit is destroyed. 

Next, a semiconductor integrated circuit device 
which can overcome the unexpected situation is 
explained as first to fourth embodiments of the present 

25 invention. 

(First Embodiment) 

FIG. 6A is a circuit diagram showing a 
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semiconductor integrated circuit device according to 
a first embodiment of the present invention. 

As shown in FIG. 6A, the semiconductor integrated 
circuit device according to the first embodiment is 
5 an output circuit. The output circuit includes 

an output buffer 21 which drives an output terminal 
PAD, and a drive circuit 22 which drives the output 
buffer 21 based on a signal from an internal portion of 
an integrated circuit. 

10 The output buffer 21 includes an N-channel 

insulated-gate field effect transistor Nl having 
a drain connected to the output terminal PAD and 
a source and back-gate coupled to the ground node GND 
and a P-channel insulated-gate field effect transistor 

15 PI having a drain connected to the output terminal PAD 

and a source and back-gate coupled to the power source 
VCC. One example of the insulated-gate field effect 
transistor is a MOSFET. The gates of the transistors 
PI and Nl are connected to the drive circuit 22. 

20 The drive circuit 22 includes an N-channel 

insulated-gate field effect transistor N2 having 
a drain coupled to the gate of the transistor Nl and 
a source and back-gate coupled to the ground node GND 
and a P-channel insulated-gate field effect transistor 

25 P2 having a drain coupled to the gate of the transistor 

Nl and a source and back-gate coupled to the power 
source VCC. The transistors N2, P2 drive the 
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transistor Nl of the output buffer 21 based on a signal 
from an internal integrated circuit (not shown) . 

Further, the drive circuit 22 includes an 
N-channel insulated-gate field effect transistor N3 
5 having a drain coupled to the gate of the transistor 

PI and a source and back-gate coupled to the ground 
node GND and a P-channel insulated-gate field effect 
transistor P3 having a drain coupled to the gate of the 
transistor P2 and a source and back-gate coupled to the 

10 power source VCC. Like the transistors N2, P2, the 

transistors N3, and P3 drive the transistor PI of the 
output buffer 21 based on a signal from an internal 
integrated circuit (not shown) . 

The output circuit according to the present 

15 embodiment includes a diode DN having a cathode 

connected to the gate of the transistor Nl and an anode 
coupled to the ground node GND and a diode DP having 
an anode connected to the gate of the transistor PI and 
a cathode coupled to the power source VCC. The cathode 

20 of the diode DN is formed adjacent to the drain of 

the transistor Nl and the anode of the diode DP is 
formed adjacent to the drain of the transistor P2 . 
One example of the pattern plane is shown in FIG. 6B . 
As shown in FIG . 6B, in the plane pattern of one 

25 example, the transistors Nl, PI and output terminal PAD 

are arranged in an area between the ground line GND and 
the power source line VCC. For example, the ground 



line GND and the power source line VCC are formed of 
a second-layered metal film. The output terminal 
PAD is arranged between the transistors Nl and PI. 
For example, the cathode of the diode DN is formed in 
a portion of the P-type semiconductor substrate Psub 
which lies below the ground line GND and connected to 
the gate of the transistor Nl via a first-layered metal 
film which lies closer to the substrate side than the 
second-layered metal film. Likewise, for example, 
the anode of the diode DP is formed in a portion of the 
N-type well N-well which lies below the power source 
line VCC and connected to the gate of the transistor PI 
via the first-layered metal film. Although not shown 
in the drawing, the transistors N2, P2, N3, P3 are 
arranged in an area other than the area in which the 
transistors Nl, PI are arranged. Therefore, the 
distance from .the drain of the transistor Nl to the 
cathode of the diode DN is shorter than the distance 
from the drain of the transistor Nl to the drain of the 
transistor N2 . Likewise, the distance from the drain 
of the transistor PI to the anode of the diode DP is 
shorter than the distance from the drain of the 
transistor PI to the drain of the transistor P3 . 

The unexpected situation can be overcome by 
providing the diodes DN, DP. This is explained in 
detail below. 

FIGS. 7A and 7B are a diagram and view for 



illustrating one example of the protection operation of 
the semiconductor integrated circuit device according 
to the first embodiment of the present invention. 
In this example, it is assumed that the chip 2 is 
positively charged . 

As shown in FIGS. 7A and 7B, the grounded needle 
17 is set closer to the output terminal PAD of the 
positively charged chip 2 to cause an aerial discharge 
between the output terminal PAD and the needle 17 (1) . 
Then, the potential of the drain D of the transistor Nl 
is lowered, the drain D and the P-type semiconductor 
substrate Psub are forwardly biased, a current flows 
between the drain D and the P-type semiconductor 
substrate and potential of a portion of the substrate 
around the drain D is lowered (2) . A diode DN having a 
substrate Psub used as an anode and an N-type semicon- 
ductor region N+ formed adjacent to the drain D and 
used as a cathode is broken down when a lowering in 
the substrate potential occurs (3) . As a result, 
the gate potential of the transistor Nl is lowered. 
The breakdown occurs after reverse voltage in a reverse 
direction of the diode DN, generally a potential 
difference of approximately 15 V has occurred. 
However, as described above, voltage caused by the 
aerial discharge reaches several thousand V. 
Therefore, the breakdown occurs instantaneously. 
Further, since the cathode is formed adjacent to the 



drain of the transistor Nl, the distance from the 
transistor Nl to the cathode is sufficiently short. 
Therefore, a time difference between the lowering in 
the potential of the drain of the transistor Nl and the 
lowering in the potential of the gate thereof can be 
made smaller in comparison with that of the reference 
example. As a result, it can be considered that the 
potential difference does not substantially occur 
between the drain D and gate G of the transistor Nl . 
Therefore, even when an aerial discharge occurs with 
respect to the chip 2 in a state in which the chip 2 is 
connected to neither the ground node GND nor the power 
source VCC, the gate insulating film of the transistor 
Nl is not destroyed. Thus, the integrated circuit can 
be protected. 

FIGS. 8A and 8B are a diagram and view for 
illustrating another example of the protection 
operation of the semiconductor integrated circuit 
device according to the first embodiment of the present 
invention. In this example, it is assumed that a 
positively charged body is set closer to the chip 2. 

As shown in FIGS. 8A and 8B, the positively 
charged needle 17 is set closer to the output terminal 
PAD of the chip 2 to cause an aerial discharge between 
the output terminal PAD and the needle 17 (1). Then, 
the potential of the drain D of the transistor PI 
rises, the drain D and the N-type well N-well are 
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forwardly biased, a current flows between the drain D 
and the N-type well and potential of a portion of the 
well around the drain D rises (2) * A diode DP having 
the well N-well used as a cathode and a P-type 
5 semiconductor region P+ formed adjacent to the drain D 

and used as an anode is broken down when the well 
potential rises (3) . As a result, the gate potential 
of the transistor PI is raised. Thus, even when an 
aerial discharge occurs towards the chip 2 in a state 

10 in which the chip 2 is connected to neither the ground 

node GND nor the power source VCC, the gate insulating 
film of the transistor PI is not destroyed. Thus, the 
integrated circuit can be protected by the protection 
operation which is a reverse operation of the case of 

15 FIGS . 7A and 7B. 

The test standard of MIL and EIAJ can be satisfied 
by the same protection operation as that of the 
semiconductor integrated circuit device according to 
the reference example. 

2 0 In the present embodiment, the PN junction diode 

is used as the diode, but it is possible to use a diode 
other than the PN junction diode. 
(Second Embodiment) 

FIG. 9 is a circuit diagram showing a semicon- 
25 ductor integrated circuit device according to a second 

embodiment of the present invention. 

As shown in FIG. 9, the second embodiment is 
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obtained by replacing the diodes DN, DP explained in 
the first embodiment by insulated-gate field effect 
transistors NFET, PFET, respectively. For example, an 
example of the insulated-gate field effect transistor 
5 is a MOSFET. The mechanism in which a chip 2 is 

charged or discharged by an aerial discharge is the 
same as that of the first embodiment. In this example, 
utilizing the surface breakdown characteristic of 
a channel portion of the MOSFET can attain the same 
10 effect as that of the first embodiment.. 

Surface breakdown may occur at a voltage lower 
than the voltage at which breakdown takes place at the 
. PN junction. The second embodiment is advantageous in 
that the protection margin relating to the voltage, in 
15 particular, is broader than in the first embodiment. 

(Third Embodiment) 

FIG. 10 is a circuit diagram showing a semicon- 
ductor integrated circuit device according to a third 
embodiment of the present invention. 

2 0 As shown in FIG. 10, the third embodiment is 

obtained by replacing the diodes DN, DP explained in 
the first embodiment by bipolar transistors QNPN, QPNP, 
respectively. Also, in the present embodiment, the 
mechanism in which a chip 2 is charged or discharged by 

25 an aerial discharge is the same as that of the first 

embodiment. In this example, utilizing the punch 
through characteristic of the bipolar transistor can 



attain the same effect as that of the first embodiment. 

The third embodiment is advantageous in that a 
large current can flow because the bipolar transistor 
QNPN is turned on and/or the bipolar transistor QPNP 
are is turned on. The third embodiment is advantageous 
also in that the protection margin relating to the 
current, in particular, is broader than in the first 
embodiment . 

( Fourth Embodiment ) 

Now, some of the layout examples of the semicon- 
ductor integrated circuit device according to the 
second embodiment will be described as a fourth 
embodiment together with their structures. 
(First layout example) 

FIG. 11 is a plan view showing a first layout 
example of a semiconductor integrated circuit device 
according to the fourth embodiment of the present 
invention. FIG. 12 is a sectional view taken along the 
line 12-12 in FIG. 11. FIG. 13 is a sectional view 
taken along the line 13-13 in FIG. 11. FIG. 14 is 
a plan view showing a state in which a first-layered 
metal film and a second-layered metal film have been 
removed from the plan view shown in FIG. 11. FIG. 15 
is a plan view showing a state in which the second- 
layered metal film has been removed similarly. 

As shown in FIGS. 11 to 15, an N-type well 
(N-well) 102 is formed in a P-type semiconductor 
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substrate (P-substrate) , for example, in a P-type 
silicon substrate 100. An element isolation region 104 
formed of a silicon oxide film is formed, for example, 
in a surface region of the P-type silicon substrate 100 
5 having the N-well 102 formed thereon. In this example, 

the element isolation region 104 separates active 
regions 106 and 108 from each other on the P-type 
silicon substrate 100, and separates active regions 110 
and 112 from each other on the N-well 102. The active 

10 regions 106 and 108 expose a surface of the P-type 

silicon substrate 100, and the active regions 110 and 
112 expose a surface of the N-well 102. An N-type 
source/drain diffusion layer 114 of the transistor Nl 
described in the second embodiment is formed in the 

15 active region 106, and a source/drain diffusion layer 

116 of the transistor PI is formed in the active layer 
110. Similarly, a source/drain diffusion layer 118 of 
the transistor NFET described in the second embodiment 
is formed in the active region 108, and a source/drain 

20 diffusion layer 120 of the transistor PFET is formed in 

the active region 112. 

A gate insulating film 122 formed of a silicon 
oxide film, for example, is formed on the active 
regions 106, 108, 110, and 112, and a gate layer 124 is 

25 formed on the gate insulating film 122. The gate layer 

124 is constituted of: for example, a layer structure 
film between an electrically conductive polysilicon 



film and a silicide film; a layer structure film 
between an electrically conductive polysilicon film and 
a metal film; or a metal film, of the electrically 
conductive polysilicon film. In this example, the 
gate layer 124 includes: a gate electrode 124-N1 of 
the transistor Nl; a gate electrode 124-P1 of the 
transistor PI; a gate electrode 124-NFET of the 
transistor NFET, and a gate electrode 124-PFET of the 
transistor PFET. Further, a flat shape of the gate 
electrode 124-N1 is formed in a U-shape, and the 
transistor Nl is provided as a structure including two 
transistors connected in parallel between a power 
source line VCC and an output terminal PAD. The 
transistor Nl includes the two transistors connected 
in parallel, whereby a channel width of the transistor 
Nl is expanded as compared with a case in which the 
transistor Nl is single. By expanding the channel 
width, a driving capability required for driving the 
output terminal PAD is obtained. The gate electrode . 
124-P1 also has a flat shape similar to the gate 
pattern -Nl, and a design is made for the transistor PI 
in the same manner as in the transistor Nl . 

A first-layered interlayer insulating film 126 
formed of a silicon oxide film, for example, is formed 
on the P-type silicon substrate 100 having formed 
thereon the element isolation region 104, the active 
regions 106, 108, 110, and 112, the gate electrodes 



124-N1, 124-P1, 124-NFET, and 124-PFET. A first- 
layered metal film 128 is formed on the first-layered 
interlayer insulating film 126. In this example, the 
first-layered metal film 128 includes a wiring 128-N 
and a wiring 128-P. The wiring 128-N transmits a 
signal outputted from the transistor N2 or P2 of the 
drive circuit 22 to the gate electrode 124-N of the 
transistor Nl, and the wiring 128-P transmits a signal 
outputted from the transistor N3 or P3 of the drive 
circuit 22 to the gate electrode 124-P of the 
transistor PI . 

The wiring 128-N is connected to the drain of the 
source/drain diffusion layer 118 of the transistor NFET 
via a contact hole or plug 130 formed in the first- 
layered interlayer insulating film 126. The wiring 
128-N is also connected to the gate electrode 124-N1 of 
the transistor Nl via a contact hole or plug 132 formed 
in the first-layered interlayer insulating film 126. 
The contact hole or plug 130 is formed at a portion of 
the wiring 128-N between an output node (not shown) of 
the drive circuit 22, a common output node (not shown) 
of the transistor N2 and transistor P2 in this example 
and the contact hole or plug 132. In this manner, 
the drain of the transistor NFET is connected between 
the output node of the drive circuit 22 and the gate 
electrode 124-N1 of the transistor Nl, and the 
protection effect described in the foregoing embodiment 
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can be obtained. 

Similarly, the wiring 128-P is connected to the 
drain of the source/drain diffusion layer 120 of the 
transistor PFET via a contact hole or plug 134 formed 
5 in the first-layered interlayer insulating film 126. 

The wiring 128-P is also connected to the gate 
electrode 124-P1 of the transistor PI via a contact 
hole or plug 136 formed in the first-layered interlayer 
insulating film 126. The contact hole or plug 134 

10 is formed at a portion of the wiring 128-P between 

an output node (not shown) of the drive circuit 22, 
a common output node (not shown) of the transistor N3 
and transistor P3 in this example and the contact hole 
or plug 136. In this manner, the protection effect 

15 described in the foregoing embodiment is. obtained. 

A second-layered interlayer insulating film 138 
formed of a silicon oxide film, for example, is formed 
on the first-layered interlayer insulating film 126 
having the first-layered metal film 128 formed thereon. 

20 A second-layered metal film 140 is formed on the first- 

layered interlayer insulating film 138. In this 
example, the second-layered metal film 140 includes 
wirings 140-GND, 140-VCC and a wiring 140-PAD. 
The wiring 140-GND supplies a grounding potential GND 

25 to a circuit in a semiconductor integrated circuit 

device chip, and the wiring 140-VCC supplies a power 
potential VCC to the circuit of the semiconductor 
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integrated circuit device chip. The wiring 140-PAD 
transmits a signal outputted from the transistor Nl or 
PI of the output buffer 21 to the output terminal PAD. 
The wiring 140-GND is connected to the source of 
5 the source/drain diffusion layer 118 of the transistor 

NFET via a contact hole or plug 142 formed in the 
first-layered interlayer insulating film 126 and the 
second-layered interlayer insulating film 138 and is 
also connected to the gate electrode 124-NFET of the 

10 transistor NFET via a contact hole or plug 144 formed 

in the first-layered interlayer insulating film 126 
and the second-layered interlayer insulating film 138. 
The potential of the gate electrode 124-NFET of the 
transistor NFET and the potential of the source serve 

15 as a ground potential GND when power is supplied, and 

is turned OFF. When power is supplied, the transistor 
NFET is turned OFF. . As a result, while in normal, 
operation, the wiring 128-N is not connected to the 
ground potential, and a malfunction of the integrated 

20 circuit is restricted. Further, the wiring 140-GND is 

connected to the source of the source/drain diffusion 
layer 114 of the transistor Nl via a contact hole or 
plug 146 formed in the first-layered interlayer 
insulating film 126 and the second-layered interlayer 

25 insulating film 138. 

The wiring 140-VCC is connected to the source of 
the source/drain diffusion layer 120 of the transistor 
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PFET via a contact hole or plug 148 formed in the 
first-layered interlayer insulating film 126 and the 
second-layered interlayer insulating film 138 and is 
also connected to the gate electrode 124-PFET of the 
transistor PFET via a contact hole or plug 150 formed 
in the first-layered interlayer insulating film 126 
and the second-layered interlayer insulating film 138. 
The potential of the gate electrode 124-PFET of the 
transistor PFET and the potential of the source serves 
as a power source potential VCC when power is supplied, 
and is turned OFF. When power is supplied, the 
transistor PFET is turned OFF. As a result, while in 
normal operation, the wiring 128-P is not connected to 
a ground potential, and a malfunction of the integrated 
circuit is restricted. Further, the wiring 140-VCC is 
connected to the source of the source/drain diffusion 
layer 116 of the transistor PI via a contact hole or 
plug 152 formed in the first-layered interlayer 
insulating film 126 and the second-layered interlayer 
insulating film 138. 

The wiring 140-PAD is connected to the drain of 
the source/drain diffusion layer 114 of the transistor 
Nl via a contact hole or plug 154 formed in the 
first-layered interlayer insulating film 126 and the 
second-layered interlayer insulating film 138 and is 
also connected to the drain of the source/drain 
diffusion layer 114 of the transistor PI. A pad region 
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156 is provided between the contact holes or plugs 154, 
of the wiring 140-PAD. A portion of the pad region 156 
is larger in width than a portion other than the pad 
region 156, and is formed in a fringe shape. 
5 A passivation film 158 formed of, for example, 

a silicon oxide film, a silicon nitride film, or 
an insulating polyimide film is formed on the second- 
layered interlayer insulating film 138 having the 
second layer metal 140 formed thereon. A drilled hole 

10 160 is formed at a portion of the passivation film 158 

positioned on the pad region 156, and the pad region 
156 is exposed. A bonding pad or a solder ball 
electrode etc. is formed at the exposed portion, and 
functions as the output terminal PAD. 

15 In the first layout example, the active region 108 

is formed between the gate electrode 124-N1 of the 
transistor Nl . and the output node (not shown) of the 
drive circuit 22, and the transistor NFET is formed in 
the active region 108 (refer to FIG. 14 in particular) . 

20 Further, the drain of the transistor NFET is connected 

to a portion of the wiring 128-N1 between the output 
node of the drive circuit 22 and the contact hole or 
plug 132 (refer to FIG. 15 in particular) . In this 
manner, the drain of the transistor NFET is connected 

25 between the output node of the drive circuit 22 and 

the gate electrode 124-N1 of the transistor Nl . 
The allocation and structure of the transistor PFET are 
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also similar to those of the transistor NFET . 

Therefore, according to the first layer example, 
as has been described in the foregoing embodiment, in 
a state in which the chip 2 is not connected to the 
5 grounding point GND and power source VCC, even in the 

case where aerial discharge occurs with or from the 
chip 2, for example, each of the gate insulating film 
122 of the transistor Nl and the gate insulating film 
122 of the transistor PI can be protected from 
10 breakage. 

(Second layout example) 

FIG . 16 is a plan view showing a second layout 
example of the semiconductor integrated circuit device 
according to the fourth embodiment of the present 

15 invention. FIG. 17 is a sectional view taken along the 

line 17-17 in FIG. 16. FIG. 18 is a plan view showing 
a state in which a first-layered metal film and a 
second-layered metal film have been removed from the 
plan view shown in FIG. 16. FIG. 19 is a plan view 

20 showing a state in which the second-layered metal film 

has been removed similarly. In the second layout 
example, like elements in the first layout example are 
designated by like reference numerals. A description 
of different elements will be given here. 

25 The second layout example is particularly 

different from the first layout example in that the 
transistor NFET is formed in the active region 106 in 
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which the transistor Nl is formed, and the transistor 
PFET is formed in the active region 110 in which the 
transistor PI is formed. 

Further, in the second layout example, the source 
5 of the source/drain diffusion layer 118 of the 

transistor NFET is shared with the source of the 
transistor Nl, and the source of the source/drain 
diffusion layer 120 of the transistor PFET is shared 
with the source of the transistor PI. The shared 

10 source/drain diffusion layers are designated by 

reference numerals 114/118 and 116/120, respectively. 

Moreover, the drain of the source/drain diffusion 
layer 118 of the transistor NFET is connected to the 
contact hole or plug 132 via the contact hole or plug 

15 130 and wiring 128-N. In the first layout example, the 

contact hole or plug 130 is formed at a portion of the 
wiring 128-N between the output node (not shown) of the 
drive circuit 22 and the contact hole or plug 132. 
However, in the second layer example, the contact hole 

20 or plug 132 reaching the electrode gate 124-N1 may be 

formed at a portion of the wiring 128-N between the 
output node (not shown) of the drive circuit 22 and 
the contact hole or plug 130 reaching the drain of the 
transistor NFET. Similarly, the contact hole or plug 

25 136 reaching the electrode gate 124-P1 may be formed at 

a portion of the wiring 128-P between the output node 
(not shown) of the drive circuit 22 and the contact 



hole or plug 134 reaching the drain of the transistor 
PFET. 

In the second layout example, the transistors 
NFET and PFET are formed in the active regions 106 and 
110, respectively (refer to FIG. 18 in particular) . 
Further, the drain of the transistor NFET is connected 
to the contact hole or plug 130 via the contact hole 
or plug 130 and the wiring 128-N1 (refer to FIG . 19 
in particular) . In this manner, the drain of the 
transistor NFET is connected to the gate electrode 
124-N1 of the transistor Nl . Similarly, the drain of 
the transistor PFET is connected to the contact hole or 
plug 136 via the contact hole or plug 134 and wiring 
128-P. In this manner, the drain of the transistor 
PFET is connected to the gate electrode 124-P1 of the 
transistor PI. 

Therefore, according to the second layout example, 
as in the first layout example, in a state in which 
the chip 2 is not connected to the grounding point GND 
and power source VCC, even in the case where aerial 
discharge occurs with or from the chip 2, for example, 
each of the gate insulating film 122 of the transistor 
Nl and the gate insulating film 122 of the transistor 
PI can be protected from breakage. 

According to the second layout example, the 
transistors NFET and PFET are formed in the active 
regions 106 and 110, respectively, and thus, the active 
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regions 108 and 112 can be deleted as compared with the 
first layout example. That is, according to the second 
layout example, the active regions 108 and 112 are 
eliminated, whereby there can be attained an advantage 
5 that an increase in chip area caused by newly providing 

the transistors NFET and PFET can be restricted. 

In addition, according to the second layout 
example, the source of the transistors NFET and PFET is 
shared with the source of the transistors Nl and PI, 
10 and thus, an increase in areas of the active regions 

106 and 110 can be restricted. 
(Third layout example) 

FIG. 20 is a plan view showing a third layout 
example of the semiconductor integrated circuit device 

15 according. to the fourth embodiment of the present 

invention. FIG. 21 is a plan view showing a state in 
which the second-layered metal film has been removed 
from the plan view shown in FIG. 20. In the third 
layout example, like elements in the second layout 

20 example are designated by like reference . numerals . 

A description of different elements will be given here. 

The third layout example is particularly different 
from the second layout example in that a plurality 
of transistors NFET and PFET are provided. In this 

25 example, the transistor NFET includes two transistors 

NFET1 and NFET2, and also the transistor PFET includes 
two transistors PFET1 and PFET2 . 



The transistors NFET1 and NFET2 are connected 
in parallel between the common output node of the 
transistors N2 and P2 of the drive circuit 22 (output 
node of the drive circuit 22) and the ground line GND. 
A gate electrode 124-NFET1 of the transistor NFET1 is 
connected to the wiring 140-GND (ground line GND) , and 
similarly, a gate electrode 124-NFET2 of the transistor 
NFET2 is connected to the wiring 140-GND (ground line 
GND) . The drain of the source/drain diffusion layer 
118 of the transistors NFET1 and NFET2 is shared. 
A gate width (channel width) of the transistor NFET1 
and a gate width (channel width) of the transistor 
NFET2 are set to "WG" (refer to FIG . 21) . 

The transistors PFET1 and PFET2 are connected in 
parallel between the common output node of the 
transistors N3 and P3 of the drive circuit 22 (output 
node of the drive circuit 22) and the power source line 
VCC. A gate electrode 124-PFET1 of the transistor 
PFET1 is connected to the wiring 140-VCC (power source 
line VCC) , and similarly, a gate electrode 124-PFET2 of 
the transistor PFET2 is connected to the wiring 140-VCC 
(power source line VCC) . The drain of the source/drain 
diffusion layer 120 of the transistors PFET1 and PFET2 
is shared. A gate width (channel width) of the 
transistor PFET1 and a gate width (channel width) of 
the transistor PFET2 both are set to "WG" (refer to 
FIG. 21) . 



The transistors Nl and PI also include a plurality 
of transistors, for example, two transistors, respec- 
tively, and the layout pattern is identical to those of 
the first and second layout examples. However, in the 
third layout example, conventionally, a description 
will be given in detail, assuming that the transistor 
Nl includes two transistors Nil and N12, and the 
transistor PI includes two transistors Pll and P12 
similarly. Gate widths (channel widths) of the 
transistors Nil, N12, Pll, and P12 are all set to WG . 
In this example, the transistors Nil, N12, NFET1, and 
NFET2 are allocated in the active region 106 to be 
arranged in an arrayed shape. The transistors Pll, 
P12, PFET1, and PFET2 are allocated in the active 
region 110 to be arranged in the arrayed shape. 

FIG. 22 is an equivalent circuit diagram showing 
an equivalent circuit of the third layout example. 

As shown in FIG. 22, when the third layout example 
is shown by the equivalent circuit, a common source 
diffusion layer 114/118 between the transistors Nil and 
NFET1 is connected to the ground line 140-GND; the 
source diffusion layer 114 of the transistor N12 is 
connected to the ground line 140-GND; and the source 
diffusion layer 118 of the transistor NFET2 is 
connected to the grounding line 140-GND. 

Similarly, a common source diffusion layer 116/120 
between the transistors Pll and PFET1 is connected to 
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the power source line 140-VCC; the source diffusion 
layer 116 of the transistor P12 is connected to the 
power source line 140-VCC; and the source diffusion 
layer 120 of the transistor PFET2 is connected to the 
5 power source line 140-VCC. 

Here, it may be considered that the source 
diffusion layer 114 of the transistor N12 and the 
source diffusion layer 118 of the transistor NFET2 
are "always connected" to the ground line 140-GND. 

10 However, the source diffusion layers 114 and 118 can be 

considered to be "arbitrarily connected" to the ground 
line 140-GND. Similarly, it can be considered that the 
source diffusion layer 116 of the transistor P12 and 
the source diffusion layer 120 of the transistor PFET2 

15 are "arbitrary connected" to the power source line 

140-VCC. By making "arbitrary connection", the 
transistor Nl can be selected as a case in which the 
transistor Nl has one transistor Nil or a case in which 
the transistor has two transistors Nil and N12 as 

20 required. With respect to the transistor NFET as well, 

a case of one transistor Nil and a case of two 
transistors Nil and N12 can be selected as required. 
With respect to the transistor PI as well, a case of 
one transistor Pll and a case of two transistors Pll 

25 and P12 can be selected as required. Also with respect 

to the transistor PFET, a case of one transistor PFET1 
and a case of two transistors PFET1 and PFET2 can be 



selected as required. As a result, it becomes possible 
to adjust the current driving capabilities of the 
transistors Nl and PI of the output buffer 21 and to 
adjust the short-circuit capability (hereinafter, 
referred to as a protection capability) of a short- 
circuit element causing short-circuit between a 
substrate and a gate, for example, of the transistors 
NFET and PFET. 

The protection capability and current driving 
capability are adjusted in order to respond to 
a request for flexibly coping the equipment according 
to the present embodiment to a variety of electronic 
products . 

A mass electric power generated with the "aerial 
discharge" which is raised as a problem in the present 
invention varies depending on the size of a charge 
quantity to be charged/accumulated in an electronic 
card, for example. If the accumulated charge quantity 
is large, the electric power generated in "aerial 
discharge" is likely to increase. The accumulated 
charge quantity would change variously depending on 
the size of an electronic card or a material for the 
electronic card, etc. Namely, the accumulated charge 
quantity differs depending on electronic products. 
In order to cope with a deviation in this accumulated 
charge quantity, it must be possible to adjust the 
protection capabilities of the transistors NFET 
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and PFET. 

The adjustment of the protection capability in 
this example is made according to an increase or 
decrease in the number of the transistors NFET and 
5 PFET. Simply, each of the transistors NFET and PFET is 

increased to a plurality with respect to an electronic 
product requiring high protection capability. In this 
example, the number of these transistors may be 
increased to two. With respect to an electronic 
10 product which does not require high protection . 

capability, the number of transistors included in 
the transistors Nl and PI may be reduced to one, for 
example . 

Similarly, the current driving capability required 
15 for the output buffer 21 varies depending on each 

electronic product. Each of the transistors Nl and PI 
. is increased to a plurality, for example, two 
transistors, with respect to an electronic product 
requiring high protection capability. With respect 
20 to an electronic product which does not require high 

protection capability, the number of transistors 
included in the transistors Nl and PI may be reduced 
to one, for example. 

In an example when "arbitrary connection" is made, 
25 the source diffusion layers 114 and 118 may be 

connectable" to the ground line 140-GND, and the source 
diffusion layers 116 and 120 may be "connectable" to 
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the power source line 140-VCC. As an example of 
"connectable" , in this example, as shown in FIG. 22, 
fuses Fl, F2, F3, and F4 are allocated between the 
source diffusion layer 114 and the ground line 140-GND; 
5 between the source diffusion layer 118 and the ground 

line 140-GND; the source diffusion layer 116 and the 
power source line 140-VCC; and between the source 
diffusion layers 120, respectively. 

The word "fuse" used in the present specification 

10 is defined not only as a fuse for mechanically breaking 

electrical connection by using a laser or a mass 
current, but also as being including all of those for 
structurally disconnecting an electrical connection 
by not forming at least one of wiring and contact, and 

15 for restoring a state in which electrical connection 

is shorted to an electrically connected state and 
a technique capable of determining/changing an 
electrically connected/disconnected state other than 
those fuses. 

20 FIG. 23 is a view showing a relationship between 

a state of connection/disconnection, and a protection 
capability and a current driving capability, of the 
fuses Fl, F2, F3, and F4 . The protection capability 
and current driving capability are indicated as the 

25 size of the gate width (channel width) WG. 

As shown in FIG. 23, in this example, 16 
combinations (4 2 = 16) can be obtained for combinations 
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of the protection capability and the current driving 
capability. 

In this example, although up to two transistors of 
each of the transistors Nl, PI, NFET, and PFET can be 
5 "arbitrarily connected", the number of transistors is 

arbitrary without being limited to such up to two 
transistors* For example, in the case where an attempt 
is made to increase the number of transistors included 
in the transistor Nl, patterns of the transistors Nil 

10 and N12 shown in FIGS. 20 and 21 may be repeated. In 

the same way, in the case where an attempt is made to 
increase the number of transistors included in the 
transistor NFET, patterns of the transistors NFET1 and 
NFET2 may be repeated. The number of transistors PI 

15 and PFET can also be increased in the same manner as in 

the case of the transistors Nl and NFET. 

Now, some examples of making transistors 
electrically disconnected/connected will be described 
here. In this description, although there is shown 

20 an example of making the transistor NFET2 electrically 

disconnected/connected, i.e., an example of making the 
fuse F3 disconnected/connected, the following examples 
can be applied to the fuses Fl, F2, and F3 . 
(First example) 

25 FIG. 24 is a plan view showing a first example of 

disconnection . 

As shown in FIG. 24, the first example is provided 
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as an example in which a portion to be connected to the 
source diffusion layer 118 of the transistor NFET2 , of 
the ground line 140-VCC and the contact hole or plug 
14 6 for connecting the ground line 140-VCC to the 
5 source diffusion layer 118 are structurally eliminated. 

In the layout pattern shown in FIG. 24, the source 
diffusion layer 118 of the transistor NFET2 is not 
connected to the ground line 14 0-VCC, and thus, the 
transistor NFET2 can be electrically disconnected. 

10 In the first example, whether the transistor 

NFET2 is made electrically connected or electrically 
disconnected may be achieved merely by replacing a 
contact hole forming photo mask and a second-layered 
metal patterning photo mask. 

15 (Second example) 

FIG. 25 is a plan view showing a second example of 
disconnection. 

As shown in FIG . 25, the second example is 
provided as an example in which a portion connected to 

20 the source diffusion layer 118 of the transistor NFET2, 

of the ground line 140-VCC, is structurally eliminated. 
The contact hole or plug 14 6 for connecting the ground 
line 140-VCC to the source diffusion layer 118 exists. 
In this structure as well, the transistor NFET2 can be 

25 made electrically disconnected. 

In the second example, whether the transistor 
NFET2 is made electrically connected or electrically 
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disconnected may be achieved merely by replacing only 
the second-layered metal patterning photo mask, for 
example. An advantage of the second example is that 
at least one photo mask to be replaced is reduced in 
5 number, as compared with the first example. 

(Third example) 

FIG. 2 6 is a plan view showing a third example of 
disconnection . 

As shown in FIG. 2 6, the third example is provided 

10 as an example in which the contact hole or plug 146 

for connecting the ground line 140-VCC to the source 
diffusion layer 118 is structurally eliminated. 
A pattern of the ground line 140-VCC is identical to 
a case of connecting the transistor NFET2 . In this 

15 structure as well, the transistor NFET2 can be made 

electrically disconnected. 

In the third example, whether the transistor 
NFET2 is made electrically connected or electrically 
disconnected may be achieved by replacing only the 

20 contact hole forming photo mask which penetrates the 

first-layered interlayer insulating film 126 and the 
second-layered interlayer insulating film 128, for 
example. An advantage of the third example is that 
at least one photo mask to be replaced is reduced in 

25 number, as compared with the first example. 

(Fourth example) 

FIG. 27 is a plan view showing a fourth example of 
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disconnection . 

As shown in FIG, 27, the fourth example is 
provided as an example in which a portion of the ground 
line 140-VCC to be connected to the source diffusion 
5 layer 118 of the transistor NFET2 (hereinafter, 

referred to as a local ground line 140-VCC 1 ) is 
mechanically broken while maintaining the same 
structure as that in the case of connecting the 
transistor NFET2 . To break the local ground line 

10 140-VCC, there may be used a laser, focusing ion beam 

or the like which is used in a fuse blowing process 
of the semiconductor integrated circuit device. 
This makes it possible to electrically disconnect the 
transistor NFET2 . 

15 In the fourth example, there is no need to replace 

a semiconductor production photo mask. The local 
ground line 140-VCC may be broken at the final. stage 
in the fuse blowing process or wafer process. This is 
an advantages of the fourth example. 

2 0 (Fifth example) 

FIG. 28 is a plan view showing a fifth example of 
disconnection . 

As shown in FIG. 28, the fifth example is provided 
as an example in which the ground line 140-VCC and 

25 a portion of the ground line 140-VCC to be connected 

to the source diffusion layer 118 of the transistor 
NFET2 (hereinafter, referred to as a local ground line 
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14 0-VCC) are structurally isolated from each other. 
A final structure is very similar to that of the fourth 
example. A difference between these examples is 
described below. In the fourth example, the local 
5 ground line 140-VCC f is separated from the ground 

line 140-VCC by mechanically breaking the ground line 
140-VCC . In contrast, in the fifth example, the local 
ground line 140-VCC is formed in a state isolated 
from the ground line 140-VCC by using, for example, 

10 the second-layered metal patterning photo mask. 

In the fifth example, as in the second example, 
the transistor NFET2 can be made electrically discon- 
nected merely by replacing only the second-layered 
metal patterning photo mask. 

15 Further, in the fifth example, the following use 

is possible. 

An equipment completion state is provided as. . 
a state in which the local ground line 140-VCC is 
isolated from the ground line 140-VCC The isolated 

20 state is equivalent to the completion state. Thus, 

when the protection capability is adjusted, the local 
ground line 140-VCC may be connected to the ground 
line 140-VCC. Namely, in the fifth example, the local 
ground line 140-VCC can be used as a state in which it 

25 can be connected to the ground line 140-VCC. 

When the local ground line 140-VCC f is connected 
to the ground line 140-VCC, for example, as shown in 
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FIG. 29, another electrically conductive layer 200 is 
formed for an isolated portion, and electrical 
connection may be recovered. 

An advantage of an example of recovering 
5 electrical connection is that, even if the protection 

capability is judged to be insufficient after 
completion, equipment can be saved without discarding 
it. In the case where the driving capabilities of the 
transistors Nl and PI are insufficient as well, the 
10 equipment can be saved similarly. 

Moreover, this example of recovering electrical 
connection can be used as the fourth example as well as 
the fifth example. An advantage in the case of being 
used as the fourth example is that, even if the local 
15 ground line 140-VCC is mistakenly broken, the 

mistakenly broken equipment can be saved. Also when 
the transistors Nl and PI are mistakenly broken, they 
can be saved similarly. 

The first to fifth examples can be applied by 
20 variously combining them with each other. 

(Fourth layout example) 

FIG. 30 is a view showing a basic layout of the 
third layout example, of the semiconductor integrated 
circuit device according to the fourth embodiment of 
25 the present invention. FIG. 31 is a view showing 

a basic layout of a fourth layout example, of the 
semiconductor integrated circuit device according to 
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the fourth embodiment of the present invention. 

As shown in FIG. 30, in the third layout example, 
the basic layout is that the transistors Nil, N12, 
NFET1, NFET2, Pll, P12, PFET1, and PFET2 of the gate 
5 width (channel width) WG, namely, a plurality of 

transistors, are arranged in an arrayed shape along 
the gate length direction. 

In contrast, in the fourth layout example, 
as shown in FIG. 31, the basic layout is that the 

10 transistors Nil, N12, NFET1, NFET2, Pll, P12, PFET1, 

and PFET2 are arranged in the arrayed shape along the 
gate length direction, and that these transistors are 
isolated in plurality along the gate width direction. 
In the fourth layout example, the transistor Nl 

15 . includes four transistors Nlll, N112, N121, and N122. 

Hereinafter, similarly, the transistor NFET includes 
four transistors NFET11, NFET 12 , NFET21, and NFET22 ,. 
the transistor PI includes four transistors Pill, P112, 
P121, and P122, and the transistor PFET includes 

20 four transistors RFET11, PFET12, PFET21, and PFET22 . 

The gate widths (channel widths) of these 16 
transistors are set to "WG/2" respectively. 

In the fourth layout example, the basic layout is 
that the transistors Nlll, N112, N121, N122, NFET11, 

25 NFET12, NFET21, NFET22, Pill, P112, P121, P122, PFET11, 

PFET12, PFET21, and PFET22 of the gate width (channel 
width) WG/2, namely, a plurality of transistors, are 
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arranged in a matrix shape along the gate length 
direction and the gate width direction crossing the 
gate length direction. 

FIG. 32 is a plan view showing the fourth layout 
5 example of the semiconductor integrated circuit device 

according to the fourth embodiment of the present 
invention. FIG. 33 is a plan view showing a state in 
which the second-layered metal film has been removed 
from the plan view shown in FIG. 32. A difference 
10 between the fourth layout example and the third layout 

example is as described above. In FIGS. 32 and 33, 
like elements in FIGS. 20 and 21 are designated by like 
reference numerals. A description of these elements is 
omitted here. 

15 FIG. 34 is an equivalent circuit diagram showing 

an equivalent circuit of the fourth layout example. 

As shown in FIG. 34, when the fourth layout 
example is shown by the equivalent circuit, a common 
source diffusion layer 114/118 between the transistor 

20 Nlll and the NFET11 is connected to the ground line 

140-GND. The source diffusion layer 114 of the 
transistor N121 is connected to the ground line 140-GND 
via a fuse F12. The source diffusion layer 118 of 
the transistor NFET21 is connected to the ground line 

25 140-GND via a fuse F32 . The common drain diffusion 

layer 118 between the transistors NFET11 and HFET21 
is connected to the wiring 128-N to which a signal 
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outputted from the transistor N2 or P2 is transmitted. 
The common drain diffusion layer 114 between the 
transistors Nlll and N121 is connected to the wiring 
14 0-PAD to be connected to a pad. 
5 A common source diffusion layer 114/118 between 

the transistor N112 and the NFET12 is connected to the 
grinding wiring 140-GND via the fuse F12. The source 
diffusion layer 1118 of the transistor NFET22 is 
connected to the ground line 140-GND via the fuse F32 . 

10 The source diffusion layer 118 of the transistor NFET22 

is connected to the ground line 140-GND via the fuse 
F32. The common drain diffusion layer 118 between 
the transistors FNET12 and NFET22 is connected to 
the wiring 128-N via a fuse F31. The common drain 

15 diffusion layer 114 between the transistors N112 and 

N122 is connected to the wiring 140-PAD via a fuse Fll. 

For connection of the transistors Pill, P121, 
P112, P122, PFET11, PFET12 , PFET21, and PFET22, it is 
substantially sufficient if the ground line 140-GND be 

20 reread as the power source line 140-VCC, the wiring 

128-N be reread as the wiring 1280P. A description of 
these transistors is omitted here with reference to the 
accompanying drawings . 

FIG. 35 is a view showing a relationship between 

25 a state of connection/disconnection and a protection 

capability and a current driving capability, of the 
fuses, Fll, F12, F21, F22, F31, F32, F41, and F42 . 
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The protection capability and current driving 
capability are indicated as the size of the gate width 
(channel width) WG. 

In this example, 64 combinations can be obtained 
5 as combinations of the protection capability and 

current driving capability (8^ = 64). In FIG. 35, only 
essential 16 combinations are shown. 

An advantage achieved by this example is that 
the protection capability can be adjusted more finely 

10 as compared with that of the third layout example. 

For example, although the minimum unit of adjustment of 
the protection capability is set to 11 WG" in the third 
layout example, the minimum unit of adjustment is 
reduced to ff WG/2" in the fourth layout example. 

15 Reference is made to columns of fuses F41 and F42 in 

FIG. 35 and the columns of PFET of the protection 
capability. The protection capability of PFET can be 
adjusted in four steps of 2WG, 1.5WG, and 0 . 5WG in 
accordance with a combination of connection 

20 ( 0) /disconnection (1). 

In this example, although "2" is set in the gate 
width direction and "2" is set in the gate length 
direction per transistor Nl or PI or transistor NFET or 
PFET, i.e., although a matrix of 2 columns x 2 rows is 

25 defined, the number of columns and the number of rows 

each are not limited to "2". For example, in the case 
where "4" is set in the gate width direction, the 
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minimum unit of adjustment is set to "WG/4", so that 
the adjustment precision is enhanced. In the case 
where an attempt is made to enhance the adjustment 
precision, the number of transistors arranged along the 
5 gate width direction may be increased. Further, in the 

case where "4" is set in the gate length direction, the 
maximum protection capability is set to " 4WG" , so that 
the adjustable range is expanded. In the case where 
an attempt is made to expand the adjustable range, the 

10 number of transistors arranged along the gate length 

direction may be increased. These settings may be 
combined as required. 

A matter common to the third and fourth layout 
examples is that adjustment of the protection 

15 capability and adjustment of the current driving 

capability may be achieved at the same time, or 
alternatively, adjustment of only the protection 
capability and adjustment of only the current driving 
capability may be achieved. 

20 Now, some examples of making the transistors 

electrically disconnected/connected will be described 
here. In this description, although there is shown an 
example of making the transistor NFET22 electrically 
disconnected, i.e., making the fuse F31 disconnected/ 

25 connected, the following examples can be applied to the 

fuses Fll, F12, F21, F22, F31, F32, F41, and F42. 
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(First example) 

FIG. 36 is a plan view showing a first example of 
disconnection . 

In the example shown in FIG. 36, the first example 
shown in FIG. 24 is applied to the device according to 
the fourth embodiment. In FIG. 36, like elements in 
FIG. 2 4 are designated by like reference numerals. 
A description of these elements is omitted here. 

(Second example) 

FIG. 36 is a plan view showing a second example of 
disconnection . 

In the example shown in FIG. 36, the second 
example shown in FIG. 25 is applied to the device 
according to the fourth embodiment. In FIG. 37, like 
elements in FIG. 25 are designated by like reference 
numerals . 

(Third example) 

FIG. 38 is a plan view showing a third example of 
disconnection . 

In the example shown in FIG. 38, the third example 
shown in FIG. 2 6 is applied to the device according to 
the fourth embodiment. In FIG. 38, like elements in 
FIG. 26 are designated by like reference numerals. 
A description of these elements is omitted here. 

(Fourth example) 

FIG. 39 is a plan view showing a fourth example of 
disconnection . 
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In the example shown in FIG. 39, the first example 
shown in FIG. 27 is applied to the device according to 
the fourth embodiment. In FIG. 39, like elements in 
FIG. 27 are designated by like reference numerals. 
A description of these elements is omitted here. 

(Fifth example) 

FIG. 40 is a plan view showing a fifth example of 
disconnection. FIG. 41 is a plan view showing an 
example of connection. 

The examples shown in FIGS. 4 0 and 41 show that 
the fourth examples shown in FIGS. 28 and 29 are 
applied to the device according to the fourth 
embodiment. In FIGS. 40 and 41, like elements in 
FIGS. 28 and 29 are designated by like reference 
numerals. A description of these elements is omitted 
here . 

In the third and fourth layout examples, the 
gate width WG is adjusted. The method of adjusting the 
gate width is not limited to the one specified above. 
The gate length may be adjusted. The gate length may 
be adjusted, in addition to the gate width WG. 

The number of the wiring layers provided is not 
limited to those adopted in the first to fourth layout 
examples . 

(Test Example) 

Next, a test example for the electronic card which 
reproduces the unexpected situation shown in FIGS. 1A, 
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IB, 2A, and 2B is explained. 

FIG. 42A is a perspective view showing an example 
of a charging test in which the electronic card and/or 
chip is charged. 

As shown in FIG. 42A, a conducting plate 12 is 
placed on an insulator 11 and the electronic card 1 is 
placed on the conducting plate 12. The conducting 
plate 12 is grounded. A power source 13 is connected 
to a condenser 14 via a relay 15 to charge the 
condenser 14. The power source 13 supplies a voltage 
of several ten kV, for example, 15 kV. The condenser 
14 has a capacitance of several hundred pF, for 
example, 100 pF. After completion of charging, the 
condenser 14 is connected to one end of a resistor 16 
via the relay 15. The resistor 16 has a resistance of 
several kQ, for example, 1.5 kQ and the other end 
thereof is connected to a needle 17. The needle 17 is 
set closer to the electronic card 1. When a distance 
between the needle 17 and the electronic card 1 becomes 
a certain distance, an aerial discharge occurs between 
the needle 17 and the electronic card 1 to charge 
the electronic card 1 and/or the chip in the card. 
Thus, an unexpected situation shown in FIGS. 1A and IB 
is reproduced. 

FIG. 42B is a perspective view showing a 
discharging test in which the electronic card and/or 
chip is discharged. 



- 56 - 



As shown in FIG. 42B, for example, the electronic 
card 1 charged in the test of FIG. 42A is placed on the 
insulator 11. At this time, the grounded needle 17 is 
set closer to the electronic card 1. When a distance 
5 between the needle 17 and the electronic card 1 becomes 

a certain distance, an aerial discharge occurs between 
the needle 17 and the electronic card 1 to discharge 
the electronic card 1 and/or the chip in the card. 
Thus, an unexpected situation shown in FIGS. 2A and 2B 

10 is reproduced. 

In the present charging test example and 
discharging test example, an example in which the 
needle 17 is set closer to the electronic card 1 is 
shown. However, the tests were made not only for the 

15 external terminal 3 but also for the side surface, 

front surface and rear surface of the electronic card 1 
as shown . by circles of broken lines in. FIGS. 42A and 
42B. This is because it is impossible to predict 
positions of the electronic card 1 in which an aerial 

20 discharge occurs in the market. 

In each of the above tests, the electronic card 1 
containing the semiconductor integrated circuit device 
according to the first to fourth embodiments was not 
destroyed and was correctly operated. 

25 Thus, the semiconductor integrated circuit device 

according to the first to fourth embodiments and the 
electronic card containing the semiconductor integrated 
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circuit device have an advantage that the integrated 
circuit can be protected from destruction even when the 
integrated circuit is connected to neither the ground 
node nor the power source. 

(Application Example 1) 

Of course, the semiconductor integrated circuit 
device according to the first to fourth embodiments can 
be incorporated into an electronic product. However, 
it is particularly preferable to incorporate the 
semiconductor integrated circuit device into an 
electronic card. Generally, a person carries the 
electronic card. Therefore, the possibility that the 
electronic card meets with the above-unexpected 
situation is strong. 

A memory card is provided as one example of the 
electronic card. The memory card has a nonvolatile 
semiconductor memory device as a main memory section. 
As an example of the nonvolatile semiconductor memory 
device, a NAND type flash memory and AND type flash 
memory can be given. The output circuit explained in 
the first to fourth embodiments can be used as an 
output circuit of the NAND type flash memory and AND 
type flash memory. One example of the NAND type flash 
memory is shown in FIGS. 43A and 43B. 

FIG. 43A is a block diagram showing one example of 
a NAND type EE PROM and FIG. 43B is a circuit diagram 
showing one example of a memory cell array of a NAND 
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type EE PROM . 

The output circuit explained in the first to 
fourth embodiments can be used as an output circuit 
connected to I/O pins (1/01 to 1/08) shown in FIG. 43A, 
5 for example. 

In some of the memory cards, not only a 
nonvolatile semiconductor memory device used as a main 
memory section but also a memory controller which 
controls the nonvolatile semiconductor memory device is 
10 contained. The output circuit explained in the first 

to fourth embodiments can be used as an output circuit 
connected to I/O pins of the memory controller. 

Now, specific examples of a memory card will be 
described here. 
15 (First example of memory card) 

FIG. 44 is a block diagram depicting a first 
example of the memory card. 

As shown in FIG. 44, the memory car according to 
the first example has only a nonvolatile semiconductor 
20 memory device 300. A pad PAD of the nonvolatile 

semiconductor memory device is connected to a card 
terminal 302. An output circuit 304 with a protection 
function described in the first to fourth embodiments 
is connected to the PAD connected to the card 
25 terminal 302, of the nonvolatile semiconductor memory 

device 300. 
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(Second example of memory card) 

FIG. 45 is a block diagram depicting a second 
example of the memory card. 

As shown in FIG. 4 5, the memory card according to 
the second example has a nonvolatile semiconductor 
memory device 300 and a controller 306. A pad PAD of 
the nonvolatile semiconductor memory device" 300 is 
connected to a PAD of the controller 306. For example, 
another pad PAD of the controller 306 is connected 
to PAD connected to a card terminal 302, of the 
controller 306. 

(Third example of memory card) 

FIG. 46 is a block diagram depicting a third 
example of the memory card. 

As shown in FIG. 4 6, the memory card according 
to the third example has a nonvolatile semiconductor 
memory device. 300 and a controller 306, as in the 
second example. The third example is different from 
the second example in that the output circuit 304 with 
a protection function is connected to the PAD connected 
to the controller 306, of the nonvolatile semiconductor 
memory device 300 as well. The nonvolatile semicon- 
ductor memory device 300 and controller 306 are 
connected to wirings on a circuit board 308, and are 
provided as one system. The wirings of the circuit 
board 308 include, for example, a power source wiring 
VCC and a ground wiring GND, and the nonvolatile 
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semiconductor memory device 300 and controller 306 are 
electrically connected to each other via the power 
source wiring VCC and ground wiring GND. If an aerial 
discharge occurs with the card terminal 302, a mass 
5 current flows the output circuit 304 of the controller 

306, This mass current flows a semiconductor substrate 
or a well, and thus, there is a possibility that such 
mass current reaches the semiconductor substrate or 
well of the nonvolatile semiconductor memory device 300 

10 via the power source wiring VCC or ground wiring GND. 

Concerning an unexpected circumstance, as in the third 
example, it would be better to provide the output 
circuit 304 with a protection function at the 
nonvolatile semiconductor memory device 300 even in 

15 a system in which the nonvolatile semiconductor memory 

device 300 is not directly connected to the card 
terminal 302 . 

In the second and third examples, although the 
controller 306 is shown, the controller 306 may be 

20 replaced with an interface circuit for electrically 

connecting the nonvolatile semiconductor memory device 
300 to an electronic product. In addition, all the 
systems may be integrated in one semiconductor 
integrated circuit device chip. 

2 5 (Fourth example of memory card) 

In the first to third examples of the memory card, 
the memory card is systematically classified. In the 
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following example, the memory card is structurally 
classified. 

FIG. 47 is an exploded sectional view showing 
a fourth example of the memory card. 
5 As shown in FIG. 47, the memory card according to 

the fourth example is provided as an example in which a 
nonvolatile semiconductor memory package or nonvolatile 
semiconductor memory module package 314 is directly 
pasted on a bottom of a package mount hole 312 provided 

10 on a card base 310. A semiconductor integrated circuit 

device chip 316 is housed in the package 314. The chip 
316 is provided as the nonvolatile semiconductor memory 
device 300 described in the first to third examples or 
the controller described in the second and third 

15 examples. That is, the chip 316 is provided as the 

semiconductor integrated circuit device described in 
the first to fourth embodiments. 

The semiconductor integrated circuit device 
according to the first to fourth embodiments can be 

20 used for a memory card with a structure in which the 

package 314 is directly pasted on the bottom of the 
mount hole 312. 

(Fifth example of memory card) 

FIG. 48 is an exploded sectional view showing 
25 a fifth example of the memory card. 

As shown in FIG. 48, the memory card according to 
the fifth example is provided as an example in which 
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a fringe 320 formed at the periphery of the package 
314 is pasted on an adhesive portion 318 formed in a 
stepped shape at the periphery of a package mount hole 
312 provided in a card base 310. A chip 316 in the 
package 314 is provided as the semiconductor integrated 
circuit device described in the first to fourth 
embodiments . 

The semiconductor integrated circuit device 
according to the first to fourth embodiments can be 
used for a memory card with a structure in which 
the fringe 320 of the package 314 is pasted on the 
adhesive portion 318 formed at the periphery of the 
mount hole 312. 

(Sixth example of memory card) 

FIG. 49 is an exploded sectional view showing 
a sixth example of the memory card. 

As shown in FIG. 49, the memory card according to 
the sixth example is provided as an example in which 
a package 314 is connected to a circuit board 308, the 
circuit board 308 is adhered to a card base 310, and 
the circuit board 308 is electrically connected to 
a card terminal 302 provided on the card base 310 by 
using a bonding wire 322. Further, a cover 324 is 
adhered to the card base 310 to shield the package 314 
from the outside. A chip 316 in the package 314 is 
provided as the semiconductor integrated circuit device 
described in the first to fourth embodiments. 



63 - 



The semiconductor integrated circuit device 
described in the first to fourth embodiments can be 
used for a memory card with a structure in which the 
package 314 is shielded from the outside. 

(Application Example 2) 

In an application example 2, some examples of 
an application utilizing the electronic card according 
to the embodiment of this invention are explained, 

FIG. 50 is a perspective view showing an example 
of an electronic equipment utilizing an IC card 
according to one embodiment of the present invention. 
In FIG. 50, as one example of the electronic equipment, 
a portable electronic equipment, for example, a digital 
still camera is shown. The IC card according to the 
embodiment is a memory card, for example, and is used 
as a recording medium of the digital still camera, for 
example . 

As shown in FIG. 50, a card slot 72 and a circuit 
board connected to the card slot 72 are received into 
a case of a digital still camera 71. The circuit board 
is omitted in FIG. 50 for simplicity. A memory card 70 
is removably mounted on the card slot 72 of the digital 
still camera 71. When mounted on the card slot 72, 
the memory card 70 is electrically connected to an 
electronic circuit on the circuit board. 

FIG. 51 is a block diagram showing a basic system 
of the digital still camera. 
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Light from a subject is converged by a lens 73 and 
input to an image pickup device 74. The image pickup 
device 74 photo electrically converts input light and 
outputs an analog signal, for example. One example 
5 of the image pickup device 74 is a CMOS image sensor. 

The analog signal is amplified by an analog amplifier 
(AMP.) and then converted into a digital signal by an 
analog-to-digital converter (A/D) . The digital signal 
is input to a camera signal processing circuit 75 and 

10 is then subjected to an automatic exposure control 

process (AE) , automatic white balance control process 
(AWB) and color separation process, for example. After 
this, it is converted into a luminance signal and color 
difference signal . 

15 When an image is monitored, a signal output from 

the camera signal processing circuit 75 is input to 
a video signal processing circuit 76 and converted. into 
a video signal. As a system of the video signal, for 
example, an NTSC (National Television System Committee) 

20 system can be given. The video signal is output to 

a display section 78 mounted on the digital still 
camera 71 via a display signal processing circuit 77. 
One example of the display section 78 is a liquid 
crystal monitor. Further, the video signal is output 

25 to a video output terminal 80 via a video driver 79. 

An image photographed by use of the digital still 
camera 71 can be output to an image display device such 
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as a television or a display of a personal computer via 
the video output terminal 80. Thus, it is possible to 
take pleasure in looking at the photographed image 
displayed on a screen other than the display section 
5 78. The image pickup device 74, analog amplifier 

(AMP.), analog-to-digital converter (A/D) and camera 
signal processing circuit 75 are controlled by a 
microcomputer 81. 

When an image is captured, an operation button, 

10 for example, a shutter button 82 is depressed. Then, 

the microcomputer 81 controls a memory controller 83 to 
cause a signal output from the camera signal processing 
circuit 75 to be written into a video memory 84 as a 
frame image. The frame image written into the video 

15 memory 84 is compressed based on a preset compression 

format by a compression/expansion processing circuit 
85. Then, the compressed image is recorded on. the 
memory card 70 mounted on the card slot 72 via a card 
interface 86. 

20 When a recorded image is reproduced, an image 

recorded on the memory card 70 is read out via the card 
interface 86, expanded by the compression/expansion 
processing . circuit 85 and written into the video memory 
84. The thus written image is input to the video 

25 signal processing circuit 76 and displayed on the 

display section 78 or image display device in the same 
manner as in a case wherein the image is monitored. 
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In the example of the basic system, an example in 
which the card slot 72, image pickup device 74, analog 
amplifier (AMP,), analog-to-digital converter (A/D) , 
camera signal processing circuit 75, video signal 
5 processing circuit 76, display signal processing 

circuit 77, video driver 79, microcomputer 81, memory 
controller 83, video memory 84, compression/expansion 
processing circuit 85 and card interface 86 are mounted 
on a circuit board 89 is shown. It is not necessary to 

10 mount the card slot 72 on the circuit board 89 and it 

is possible to connect the card slot to the circuit 
board 89 via a connector cable or the like. Further, 
in this example, a power source circuit 87 is mounted 
on the circuit board 89. The power source circuit 87 

15 receives power source voltage from an external power 

source or battery and generates internal voltage used 
in the internal portion of the digital still camera 71. 
One example of the power source circuit 87 is a DC-DC 
converter. The internal power source voltage is 

20 supplied to each circuit as operation power source 

voltage and additionally supplied as power source 
voltages of a strobe 88 and display section 78. 

Thus, the IC card according to the embodiment of 
this invention can be utilized for the portable 

25 electronic equipment such as the digital still camera. 

The IC card according to the embodiment of this 
invention can be utilized for the digital still camera. 
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Further, as shown in FIGS, 52A to 52F, and FIGS. 53A to 
53F, for example, it can be used for a video camera 
(FIG. 52A) , television (FIG. 52B) , audio/visual 
equipment (FIG. 52C) , audio equipment (FIG. 52D) , game 
5 equipment (FIG. 52E) , electronic musical instrument 

(FIG. 52F) , portable telephone (FIG. 53A) , personal 
computer (FIG. 53B) , personal digital assistant (PDA, 
FIG. 53C) , voice recorder (FIG. 53D) , PC card 
(FIG. 53E) , electronic book terminal (FIG. 53F) and the 
10 like. 

Further, for example, the electronic card 1 can be 
roughly divided into a contact type electronic card 
having an external terminal 3 and a non-contact type 
electronic card having no external terminal 3. The 

15 semiconductor integrated circuit device according to 

the first to fourth embodiments can be incorporated 
into any one of the contact type electronic card and 
non-contact type electronic card. In this case, it is 
predicted that the aerial discharge is a phenomenon 

20 which tends to occur in the contact type electronic 

card. This is because the external terminal 3 which is 
a conductor is exposed from the card surface in the 
contact type electronic card. As is explained in the 
item of "Test Example", it is impossible to completely 

25 predict the position of the electronic card in which 

the aerial discharge occurs in the market. However, 
there is a strong possibility that the aerial discharge 
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more easily occurs with respect to the external 
terminal 3 which is a conductor than with respect to 
the card external casing which is generally an 
insulator. The external terminal 3 is connected to the 
5 output terminal PAD of the chip 2. Therefore, when the 

aerial discharge occurs with respect to the external 
terminal 3, an unexpected situation occurs as explained 
in the item of "Embodiment". As a result, the 
advantage in the above embodiment can be effectively 

10 attained in the contact type electronic card. 

Further, the possibility that the aerial discharge 
occurs in the contact type electronic card will depend 
on the ratio of the area of the external terminal 3 to 
the card size. If the area of the external terminal 3 

15 occupying the card size is large, a large portion of 

the conductor is exposed from the card surface and the 
possibility of occurrence of the aerial discharge 
becomes strong. For example, in some of the electronic 
cards 1, the ratio of the area of the external terminal 

20 3 to the card size exceeds 25% (for example, refer to 

the perspective views of FIGS. 42A and 42B) . Thus, in 
the electronic card 1 in which the ratio of the area of 
the external terminal 3 to the card size exceeds 25%, 
the advantage in the above embodiments can be more 

25 effectively attained. 

Of course, application of the semiconductor 
integrated circuit device according to the first to 
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fourth embodiments is not limited to a contact type 
electronic card and a contact type electronic card in 
which the ratio of the area of the external terminal 3 
to the card size exceeds 25%. Further, the semicon- 
5 ductor integrated circuit device can also be used for 

a non-contact type electronic card and a contact type 
electronic card in which the ratio of the area of the 
external terminal 3 to the card size is equal to or 
less than 25%. This is because it cannot be asserted 

10 that no unexpected situation occurs in the above cards. 

Therefore, even when the semiconductor integrated 
circuit device according to the first to fourth 
embodiments is applied to a non-contact type electronic 
card and a contact type electronic card in which the 

15 ratio of the area of the external terminal 3 to the 

card size is equal to or less than 25%, the advantage 
in the above embodiment can be attained. . 

As described above, the present inv<ention is 
explained with reference to the first to fourth 

20 embodiments, but the present invention is not limited 

to the embodiments. When embodying the invention, the 
present invention can be variously modified without 
departing from the technical scope thereof. 

The above embodiments can be independently 

25 performed, but it is of course possible to adequately 

combine them and perform the combined embodiments. 

Each of the above embodiments contains inventions 



of various stages and the inventions of various stages 
can be extracted by adequately combining a plurality of 
constituents disclosed in each of the embodiments . 

As explained above, according to the embodiments 
of this invention, it is possible to provide the 
semiconductor integrated circuit device and the 
electronic card using the semiconductor integrated 
circuit device which can protect the integrated circuit 
from destruction in a state in which the integrated 
circuit is connected neither to the ground node nor the 
power source. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



